The continuous growth of urban areas and the increasing public awareness of the environmental impacts of storm water have raised interest on the quality of the receiving water bodies. In the past two decades, many efforts have been directed at improving urban drainage systems by introducing mitigation measures to limit the negative environmental impacts of storm water. These mitigation measures are generally called best management practices ͑BMPs͒, sustainable urban drainage systems, or low impact developments, and they include practices such as infiltration and storage tanks that reduce the peak flow and retain some of the polluting materials. Choosing the best mitigation measure is still a controversial topic. To gain insight on the best technique, this study compares different distributed and centralized urban storm-water management techniques, including infiltration and storage facilities. The main objective of this study is to use modeling to assess the effects of the different urban drainage techniques. To this end, a homemade model that was developed in previous studies is applied. This model enables us to simulate both combined sewer systems and ancillary structures such as storm tanks or infiltration trenches to determine water quantity and quality characteristics. A long-term simulation is employed to account for the effects of sediments in BMPs, which generally reduce the hydraulic capacity. The results allow us to draw some conclusions on the peculiarities of BMP techniques, on the possibility of integrating different techniques for improving efficiency, and on BMP maintenance planning.
Introduction
In recent years, the limitations of traditional urban drainage schemes have been acknowledged and new approaches that use more natural methods for retaining and/or disposing of storm water have been introduced ͑Emerson et al. 2005; Bledsoe 2002; Niemczynowicz 1994͒ . These mitigation measures are generally called best management practice ͑BMP͒, sustainable urban drainage system ͑SUDS͒, or low impact development ͑LID͒, and they include practices such as infiltration and the use of storage tanks to reduce the peak flow, increase the catchment concentration time, and retain some of the polluting components. Out of all of the storm-water management practices, infiltration devices are the most effective at removing storm-water pollutants and reducing both the storm-water volume and peak discharge rate. Infiltration devices are inspired by the rural construction tradition and are based on storm-water collection during rainfall events and the subsequent infiltration into the soil ͑Freni and Schilling 2001; Mays 2001; ASCE 1998͒. Storage facilities represent a large family of storm-water management practices that have the following basic functions: water storage, peak dampening, catching a first flush, water treatment, and the disposal of the inflow runoff volume.
Although there are many different variants of storage devices, there are two basic management principles that are common to all of them: • Detention: all or part of the runoff is stored temporarily and then gradually released into the drainage system. This approach does not allow for the disposal of the stored runoff. • Retention: all or part of the runoff is stored for a long period and is not released into the drainage system or to the receiving watercourse. The stored runoff is usually disposed of through infiltration, evaporation, or various applications ͑landscaping or irrigation͒. These practices are usually distributed over the catchment at locations near the source of the storm-water runoff ͑Alfakih et al. 1995; Sieker and Klein 1998; Freni et al. 2004; Hatt et al. 2006͒ . For this reason, they are often classified as source controls or distributed measures. These techniques have advantages such as small dimensions, so that they can be fitted even in urbanized catchments, but they require complex maintenance procedures and can be costly especially considering cost/benefit with regard to pollutant removal. Apart from source controls, classical centralized in-pipe or end-of-pipe structures can also be used to meet the same receiving quality protection objectives ͑Niemczynowicz 1994; Hatt et al. 2004; . These techniques usually involve storage facilities, while infiltration is adopted less often because of the higher risk of groundwater contamination and because of limitation in functionality by such factors as depth to bedrock, soil types ͑especially clayey soils͒, and high water table ͑Browne et al. Sansalone and Buchberger 1995͒ . In brief, centralized practices have the opposite advantages and disadvantages with respect to source controls: their maintenance is usually cheaper, but fitting is more difficult because they require a larger space ͑Mays 2001͒. Source controls and centralized practices can also be combined to obtain hybrid solutions that are able to combine the advantages of the two types of mitigation measures.
The range of mitigation solutions ͑including source controls or centralized techniques͒ represents a problem in storm-water management planning because for every possible solution the efficiency has to be computed to choose the best solution. Moreover, a quality assessment of a receiving water body ͑RWB͒ usually requires long-term analysis or, as an alternative, the analysis of a representative number of historical events ͑Despotovic et al. 1995͒. Thus, computer simulations have proven to be the best tool for optimizing the design and operation of sewer systems ͑SSs͒ and wastewater treatment plants ͑WWTPs͒. Indeed, mathematical models enable engineers to evaluate different solutions prior to their construction. Also, dynamic models are increasingly used for optimizing integrated systems ͑i.e., the combination of SS, WWTP, and RWB͒.
A long-term analysis requires the development and use of robust and parsimonious modeling approaches that provide information on the RWB quality and the impact of urban area discharges ͑Vaes and Berlamont 1999; Vaes and Berlamont 2004͒;  by "parsimonious" we mean that the best approach is the simplest one that fits the application ͑Harremoës and Madsen 1999͒. This approach is more relevant if the study is aimed to evaluate the impact of urban combined sewer overflows ͑CSOs͒ on RWBs due to the complexity of the processes involved during wet periods and the short time scale on which they occur ͑Freni et al. Mannina 2005͒ . In the present paper, a comparison of a conventional SS configuration and three different mitigation planning schemes ͑Fig. 1͒, including source controls and centralized measures, is performed as follows:
• The first scheme is the control test, where no mitigation measure is used; • The second scheme is the "source control" scenario in which mitigation is totally provided by source control as local infiltration ͑Scheme 2-a͒ or as source storage ͑Scheme 2-b͒; • The third scheme is the "centralized mitigation" scenario in which storm-water management is provided by a storage tank connected to a CSO; and • The fourth scheme contains "mixed configurations" where local infiltration and centralized storage are combined in an effort to gain the advantages of both of the mitigation techniques.
The effects of urban area characteristics that affect infiltration BMP efficiency ͑mainly, the soil types͒ were surveyed for this study. Infiltration BMPs were distributed over the catchment according to the design criteria that will be discussed in the following section; the centralized storage was located at the end of the SS and connected with the CSO. As mentioned above, the analysis was performed using a parsimonious modeling approach that was developed in previous studies ͑Mannina 2005͒. This model enabled us to evaluate the mitigation efficiency of the different BMP schemes, including infiltration and storage facilities, and to consider the effectiveness of both source controls and centralized structures. In particular, the model was able to consider the presence of a BMP structure in different configurations ͑source controls, centralized structures, or combinations͒, making it a useful tool for urban storm-water quality management as well as planning purposes. Concerning the infiltration trenches, the model also takes into account hindrances to the performance due to clogging phenomena to outline some general considerations that can be used for design support. A long-term analysis was carried out for the six-year rain series recorded at the Parco d'Orlèans experimental catchment ͑Pal-ermo, Italy͒.
Model Description
For the present study, an integrated model was applied to simulate the main processes in the catchment, SS, and for both source control and centralized mitigation techniques. Many efforts have been directed at creating simple yet robust methods for the longterm simulation and integrated analysis of several elements of drainage systems. Several reports are available that describe models of the phenomena in urban drainage systems ͑Artina et al. Tomicic et al. 1999; Huber 1996͒ . Although the best way to simulate an entire drainage system is by adopting a detailed approach, such as using the de Saint-Venant equations for hydrodynamic routing, the calculation times for long-term simulations are too long; such equations are very time consuming, and simplifications are necessary for a feasible study. There are two alternatives to using the full equations: simplifying the rainfall input by considering synthetic rain events or simplifying the modeling approach. The former leads to a loss of information, and, as a consequence, the results are not reliable. Also, it is not possible to evaluate the emission probabilities even if detailed simulations with single events make the behavior of the system more comprehensive ͑Vaes and Berlamont 1999͒.
Urban Drainage Model
This model is able to simulate the main phenomena that take place in both the catchment and the sewer network during a storm event ͑Mannina et al. 2004; Mannina 2005; Mannina and Viviani 2009b͒ . It is divided into two connected modules: ͑1͒ a hydrological and hydraulic module that calculates the hydrographs at the inlet and at the outlet of the SS and ͑2͒ a solid transport module that calculates the pollutographs at the outlet for the different pollutants, including the total suspended solids ͑TSS͒, biochemical oxygen demand ͑BOD͒, and chemical oxygen demand ͑COD͒. The hydrological-hydraulic module evaluates the net rainfall from the gross hyetograph using a loss function that accounts for the surface storage and soil infiltration. From the net rainfall, the model simulates the rainfall runoff at the catchment and the flow propagation in the SS with a cascade of two reservoirs. The water quality module simulates buildup by a classical Alley and Smith approach ͑Alley and Smith 1981͒, while the washoff during a storm event was simulated with the formulation by Jewell and Adrian ͑1978͒. The dry weather deposits in the sewers were evaluated by adopting an exponential law ͑Bertrand- Mannina 2005͒ . Particular care has been taken for sediment transformations in sewers, considering their cohesivelike behavior linked to organic substances and to the physicochemical changes induced during sewer transport. The urban drainage model is also able to simulate the presence of CSO devices by the use of rating curves that take into account variations in the CSO efficiency that depend on the inflow discharge.
Infiltration BMP Model
The infiltration phenomena that take place around a BMP structure are generally three dimensional. Moreover, during the filling and the empting of the trench, along with the soil saturation process, modifications to the infiltration paths can be observed, making the process too complex to be simulated with mathematical models ͑Siriwardene et al. 2007a; Siriwardene et al. 2007b; Freni et al. 2009͒ . Under particular circumstances, such as long trenches with one dimension much longer than the others, infiltration can be considered as a two-dimensional phenomenon. If the soil is homogeneous for a sufficient depth, the infiltration paths become linear and vertical at some distance below the bottom of the infiltration structure ͓Fig. 2͑a͔͒. The model introduces the concept of an "effective area" as the horizontal area below the trench bottom where the infiltration paths become linear and parallel, so the phenomenon can be considered one-dimensional.
According to this definition, it is possible to use a onedimensional model to estimate the infiltration flow rate ͑Freni et al. 2009, 2004͒ . This assumption has the drawback of neglecting the infiltration process around the BMP structure and assuming equilibrium between the stored water volume in the structure and the infiltrated volume in the soil where the flow paths are vertical ͓Fig. 2͑b͔͒. The model simulates the hydraulics of an infiltration structure that is supposed to operate as a nonlinear reservoir, equipped with a weir that simulates the overflows to the drainage system or the catchment surface when the infiltration device reaches saturation ͓Fig. 2͑b͔͒. Thus, the continuity equation can be written as follows:
where V = volume stored in the structure; Q in = inflow from the contributing catchment; Q inf = infiltration flow; and Q w = outflow from the weir. The outflow discharge Q w is evaluated here for a simple rectangular weir with a width equal to the width B of the infiltration structure. The discharge can be computed with the following formula:
where g = acceleration due to gravity; h = water depth over the weir; and w = weir coefficient, which is assumed to be equal to 0.4 according to the literature ͑Marchi and Rubatta 1981͒. The infiltration flow Q inf is evaluated using the Green-Ampt equation ͑Green and Ampt 1911͒
where s and 0 = saturated and initial moisture contents, respectively; = capillary suction; F = cumulative infiltration volume; and the other symbols have the same definitions as given above. Also, A eff is the "effective infiltration area" ͑defined above͒, and it is the horizontal area below the bottom of the structure where the infiltration paths become linear and vertically parallel. According to the definition of the effective area, the infiltration phenomena can be analyzed using a one-dimensional approach.
The Green-Ampt equation allows us to consider the horizontal infiltration discharge, but on the other hand, it requires a better estimation of the effective infiltration area, which cannot be simply defined as a part of the physical infiltration structure's surface. Once A eff is defined, the simplified model approach simulates the clogging processes inside the infiltration structure by considering the mass balance for the suspended solids on a rainfall event scale
where ⌬M sed = variation of the mass captured inside the structure; M sed,in and M sed,out represent, respectively, the mass inflow from the catchment and mass outflow by the weir to the sewer; Q in and Q w = inflow and outflow discharges, respectively; C in and C w = suspended solid concentrations; and T tot = duration of the rainfall event. The distribution of the solids on the bottom of the infiltration structure is assumed to be uniform; this assumption neglects the accumulation of solids on the wall and it is supported by the fact that such solids, which come from the catchment washoff, are usually not cohesive ͑Ashley et al. 2006͒ . The inflow Q in and suspended solid concentration C in are evaluated with the lumped conceptual model flow and sediment loads from the catchment, as described in the previous paragraph. Here, A eff is the most relevant model parameter, and two functional relationships need to be found to assess this parameter:
1. The correlation between the effective infiltration area for the clean structure condition A eff, 0 and the geometrical trench bottom area A, which gives A eff, 0 for each infiltration structure; and 2. The correlation between the sediment level in the infiltration BMP and the effective infiltration area for the clogged condition A eff to evaluate the change to A eff during the structure's life cycle. These correlations were investigated in a previous study ͑Freni et al. 2009͒ via the VSF-MODFLOW 2000 model ͑McDonald and Harbaugh 1983; Thoms et al. 2006; Winston 1997͒ . This model, which was calibrated by an experimental campaign, accurately simulates real phenomena; it is able to analyze several infiltration structures by employing a physically based model and the adopted simplified model, thereby obtaining the desired correlation functions.
Centralized Storage Tank Model
Centralized storage tanks were simulated by the nonlinear reservoir approach. The adopted equations are equivalent to Eqs. ͑1͒ and ͑2͒ minus the infiltration term. The storage tank pollution interception capacity was computed by the mass balance equation ͓Eq. ͑4͔͒. The storage tank is simulated as a catch basin in terms of its outflowing pollutant concentrations and the intercepted mass at the end of the rainfall event, and the tank is assumed to be cleaned at the end of each rainfall event. Since the present paper is concerned with the quality of the receiving water, the simulated tanks that operate as catch basins are able to isolate the first part of the inflow hydrograph until they are completely filled.
More specifically, when the discharge exceeds a fixed threshold value that is compatible with the WWTP, a weir overflow device diverts the exceeding discharge into the tank. The water level in the tank rises until the maximum capacity is reached. When the tank is full, the overflow device diverts the excess discharge into the RWB, thus bypassing the tank. The overflow device activation threshold was set to five times the average dry weather flow ͑which is the normal design threshold level used in Italy͒. The overflow structure efficiency accounted for the fact that the discharge into the WWTP is not always fixed during rainfall events because of well-known hydraulic energy issues ͑Butler and Davies 2000͒. This aspect was accounted for by assuming an asymptotic exponential profile and a superior limiting discharge. Specifically, the following equation was employed for the CSO model ͑Mannina and Viviani 2009; Mannina 2005͒:
where Q WWTP = flow passing through the CSO that generally represents the WWTP inflow; Q n = dry weather flow; Q sewer = CSO inflow-rate; r d1 and r d2 = dilution coefficients; and Q th = minimum constant values of the flow passing through the CSO without being intercepted ͑Fig. 3͒. As Q sewer grows higher than Q th , part of sewer discharge is intercepted by the weir and the water level in the CSO increases as well, thereby increasing the hydraulic gradient along the pipe continuing to the WWTP. Such physical process increases the discharge flowing to the WWTP that can be well represented by the asymptotic exponential law presented in Eq. ͑5͒.
The asymptotic values of the effective flow to the WWTP ͑Q eff ͒ and Q th were evaluated by the following equations:
According to Italian standards, the ranges of r d1 and r d2 are 3-4 and 6-10, respectively; we set the values of r d1 and r d2 to 5 and 8, respectively, in the present study.
Case Study
The Parco d'Orlèans urban catchment is located on the campus of the University of Palermo, Italy. Its total drainage area is 12.8 ha with 68% imperviousness; the drainage network is combined, and it is composed of circular and egg-shaped concrete conduits. Rainfall data have been collected since 1993 with a tipping bucket rain gauge and a data logger with a maximum resolution of 1 min ͑Aronica and Cannarozzo 2000͒. The discharge data have been collected with a temporal resolution of 1 min since 1993 with an ultrasonic flow meter installed at the basin's outlet ͑Fig. 4͒. From this data archive, a continuous rainfall series lasting six years was extracted and used for the simulations. Table 1 shows the main rainfall characteristics along with the average antecedent dry weather period ͑ADWP͒.
Ackers et al. ͑1996͒ found that sewer sediments are characterized by a d 50 of 10-1 , 000 m and a density of 1 -2.7 kg/ m 3 . More specifically, Ackers et al. ͑1996͒ classified the sewer sediments as sanitary solids ͑d 50 =40 m and a specific average density of 1.4͒, storm-water solids ͑d 50 =60 m and a specific average density of 2͒, and grits ͑d 50 = 750 m and a specific average density of 2.6͒. Furthermore, solids less than 0.15 mm in size were determined to be in suspension, and inorganic particles greater than 0.15 mm were considered as part of the bed load. According to Chebbo et al. ͑1990͒ , it is possible to differentiate between dry and wet weather periods based on the sizes of the finest particles. More specifically, a dry weather period is characterized by a particle density between 1,100 and 1 , 800 kg/ m 3 , while the density ranges from 2 , 400-2 , 600 kg/ m 3 for a wet weather period.
Two classes of particles were considered in the adopted model: fine particles ͑mean diameter d 50 =50 m; specific gravity s = 1.6͒ and coarse particles ͑d 50 = 500 m; s = 2.0͒. Fine particles are mainly transported as suspended load, while coarse particles are transported as bed load or suspended load, depending on the characteristics of the flow. Actually, coarse particles considered here have a specific gravity that is slightly lighter than the value given in the literature; this result, which is from a sewer sediment survey by La Loggia and Viviani ͑1990͒, is probably due to the organic components.
A specific survey was carried out to characterize the soils' infiltration capacities. The experimental catchment is characterized by sandy soils with an uneven distribution of loam. Loams are present in small patches, usually over areas smaller than 1 , 000 m 2 . Thus, they can locally affect soil infiltration capacities, and their position cannot be easily forecasted because of the fact that they are not aggregated in a continuous layer. The soil characteristics were estimated by both field infiltration experiments and laboratory measurements ͑Liguori 2002͒. Two main soil types were considered in the present study: sand and loamy sand ͑or sand with loam inclusions͒. The MODFLOW model was calibrated using the results of the soil hydraulic conductivity laboratory analysis and field experimentation ͑Liguori 2002͒. More specifically, the laboratory studies provided initial values of the soil permeability and the specific porosity, whereas models of the field infiltration experiments refined the calibration by comparing the modeling infiltration discharges with the time-dependent variations to the infiltrated volume. Fine calibration was thus performed by minimizing the round-square-mean error between the modeled discharges and the monitored data. The Green-Ampt parameters were obtained from the field infiltration experiments and are reported in Table 2 .
The drainage system is depicted in Fig. 3 , and it consists of circular and egg-shaped concrete pipes with diameters ranging between 300 and 600 mm. The drainage system is combined, and a CSO device is present at the catchment closure's cross section. The water quantity and quality data in the sewer have been collected before the CSO device for the whole monitoring period ͑6 years͒. Water quality data ͑TSS, BOD, and COD͒ were collected between December 1999 and January 2000 using a 24-bottle automatic sampler. The temporal resolution of the dry weather data are equal to 1 h, and the temporal resolution of the wet weather is Table  3 .
Results and Discussion
The aim of our analysis is to compare the different water quality mitigation plans that aim to reduce the polluting load discharged into the RWB. Several possible mitigation configurations were considered and are described in Fig. 1 ; these configurations include both local infiltration and source storage and centralized end-of-pipe storage tanks. Since this is a planning study, the structures' dimensions were synthesized by means of the specific treatment volume C, which is defined as the treatment volume available at each mitigation structure divided by the extension of the directly connected impervious surface. For the present study, various volumes of C, ranging between 10 and 40 m 3 / ha, were used for all of the considered mitigation measures. Also, both sandy and loamy sand soils were considered. In the mixed configuration, it was initially assumed that 50% of the total mitigation volume was provided by infiltration source controls and 50% was provided by centralized storage tanks. Then, different mixed configurations were analyzed by changing the relative percentages of the infiltration and storage.
This study was performed by running a continuous simulation for the entire 6-year period. The results from the different scenarios were determined for the whole analysis period, but only the results regarding overflow volumes and TSS loads are presented here for sake of brevity.
Figs. 5 and 6 show the results of the 6-year analysis for the different design criteria and types of soil. These figures show the cumulated water volume and TSS mass that is discharged into the RWB by the CSO device. The volumes and masses were computed at the end of each rainfall event. From the resulted graphs ͑Fig. 7͒, some conclusions can be drawn:
• End-of-pipe storm-water tanks provide better mitigation efficiencies compared with infiltration measures in soils with an average infiltration capacity ͑loamy sands͒; this suggests that centralized measures are more effective in reducing CSO volume and polluting loads; • Source controls based on storage have lower efficiencies than infiltration because infiltrated storm water provides greater reduction to the runoff volumes delivered to the drainage system; • A comparison between the source and centralized storage systems shows that the latter method provides higher efficiencies given the same specific design volume; this result is justified by the fact that centralized storage directly acts on CSO spills; • When the soil infiltration capacity increases, infiltration BMPs give better performances in terms of both the overflow volume reduction and the TSS load mitigation; obviously, when the infiltration capacity is able to dispose of large storm-water volumes, the advantages derived by the use of centralized mitigation structures is compensated by the source control infiltration capacity; and • Clogging has a non-negligible effect on the long-term efficiency; in sandy soils and a specific design volume of 40 m 3 / ha, for example, the infiltration structure volume is reduced by only 12% after 6 years, but for 10 m 3 / ha, the effective volume was reduced by 40%. This last conclusion may be useful for infiltration structure maintenance schedule when the infiltration structure volume is reduced by the presence of sediments. Indeed, such a schedule may vary based on characteristics of loading from drainage area.
These results suggest that centralized mitigation measures provide the most robust and reliable solutions, but especially in dense urban areas, they are not easily applicable because of a lack of space. To solve this issue, mixed configurations were considered that use both source controls and centralized mitigation measures ͑with a 50/50 distribution͒. The results ͑Figs. 6 and 7͒ indicate that a mixture of source controls and end-of-pipe controls can be an efficient compromise between the mitigation efficiency and the space required for the structures.
Some interesting conclusions can be drawn from Fig. 7 : • For a loamy sand soil, a mixed configuration provides efficiency values between those of source control schemes and a centralized solution; • In the case of CSO reduction efficiency, spill reduction and TSS reduction efficiency, the centralized and mixed configurations are close but the centralized appears slightly more efficient; and • In case of more pervious soils, the mixed configuration gives efficiencies similar to that of the centralized solution for low design specific volumes, but for higher design specific vol- umes, the mixed configuration performs better than the centralized one. This last conclusion can be explained by considering the resuspension process that takes part inside sewer pipes. In the presence of source controls and depending on their design volume, several rainfall events do not produce sewer discharges reducing the resuspension of solids that settle during dry periods. In Scheme 2 ͑source control only͒, this positive effect is balanced by the absence of end-of-pipe measures so that every spill from the CSO device results in a polluting discharge to the RWB.
To confirm such considerations, specific analyses have been performed by varying the balance between local infiltration and centralized storage employing two different soil types ͑loamy-sand and sand͒. More specifically, a global specific volume C of 40 m 3 / ha has been split between local infiltration and centralized storage. Fig. 8 shows the efficiencies depending on the percentage of local infiltration employed for the mixed configuration. In loamy-sand soils ͓Fig. 8͑a͔͒, the contribution of infiltration measures to storm-water runoff reduction is low, and the use of centralized storage would be suggested as the only mitigation practice. In sandy soils ͓Fig. 8͑b͔͒, infiltration measures reduce runoff and sewer resuspension, and the presence of small storage tanks limits the impacts of CSO spills, greatly improving the overall efficiency.
Finally, it is notable that for combined sewers it is necessary to simulate not only the performance of the SS and the tanks but also the processes at the WWTP to completely understand the effect of the tanks in reducing the impact of storm water on the RWB. In fact, emptying the tank at the end of a rainfall event can adversely affect the efficiency of the plant, especially regarding to biologic removal of BOD, nutrients, and sedimentation because 
Conclusions
A comparison among different mitigation measures based on modeling investigations has been presented. Particularly, a parsimonious model, which was developed in previous studies, was employed to evaluate the mitigation efficiency of different BMP schemes, including infiltration and storage facilities and both possible source controls and centralized structures. Using a case study of an urban catchment in Palermo, some general conclusions can be drawn:
• Centralized techniques are more robust and can be effective also with small specific design volumes; the tradeoff between the higher land requirements of centralized mitigation structures and their efficiency is thus confirmed by the present study, and centralized measures should be used in cases where local infiltration is not feasible or the soil permeability is low.
• BMPs based on storm-water infiltration process can be effective if the soil infiltration capacity allows their use, but their efficiency can be reduced by clogging ͑in the presented case study, small infiltration structures were 40% clogged after only 6 years of service͒; clogging phenomena are greatly dependent on total treated volumes and should be taken into account when defining design volumes in relation to the expected mitigation structure life expectancy, especially considering the difficulties of maintenance of such structures.
• Mixed configurations, involving both source controls and centralized techniques, are, in some cases, more efficient than centralized controls ͑maintaining the same design specific volume͒ by avoiding frequent sewer flushing during wet periods and protecting receiving waters from frequent CSO spills; in such configurations, the system failure risk due to the clogging phenomena is mitigated by the presence of a local infiltration structure and centralized storage that may partially contribute to the inefficiency of clogged infiltration structures. Such applications may be also used for a priori evaluations of maintenance needs and frequencies, especially for infiltration structures where the mitigation efficiency is greatly influenced by clogging. An important issue to consider in future research is the effect of the introduction of the tanks on the WWTP to determine the tank volumes that minimize the total pollution load in the RWB.
